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AIR FILTER ASSEMBLY FOR LOW TEMPERATURE CATALYTIC 

PROCESSES 

This application is being filed as a PCT International Patent Application in 
the name of Donaldson Company, Inc., a U.S. national corporation and resident, 
5 (Applicant for all countries), on 12 September 2001, designating all countries except 
the U.S. and claiming priority to U.S. Serial No. 09/660,127 filed 12 September 
2000. 

Field of the Disclosure 

The present disclosure is related to air filtering systems for low 
10 temperature catalytic processes. In particular, the disclosure is directed to air filters 
for use with a fuel cell apparatus. 

Background of the Disclosure 

It is accepted that in today's world all atmospheric air has some 
degree of contaminants present in it. These contaminants may be large items, for 

15 example, blown leaves, loose papers and other debris, cottonwood tree blossoms, 

and insects; or the contaminants may be small enough, such as particulates, that they 
are suspended in the atmosphere. Examples of such particulates include dust, tree 
pollen, smog, and smoke particulates. 

Chemical contaminants are also widely present in atmospheric air. 

20 Although many are the result of man-made pollution, other chemicals occur 
naturally. Typical contaminants include volatile organic compounds such as 
methane, butane, propane, and other hydrocarbons, also ammonia, oxides of 
nitrogen, oxides of sulfur, carbon monoxide, hydrogen sulfide, etc. 

Most of today's machines, such as automobiles, are designed to be 

25 able to either filter out or withstand any contaminants that could cause problems to 
their operation. For example, large contaminants such as leaves and paper are 
removed from the intake air stream by the automobiles' grills and various vents." 
These features also remove small animals such as birds, squirrels and mice that may 
find their way into the engine area. Finer contaminants such as dust are removed by 

30 an air filter present in the engine compartment. For the typical automobile and 
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internal combustion machines (such as lawn mowers, snowblowers, snowmobiles, 
etc.) chemical contaminants pose very little, if any, problems to the functioning of 
the machine, because the machine and the process by which it produces power, are 
capable of withstanding the presence of contaminants in the intake air. 
5 There are some machines and systems that have not yet been 

optimized for operating in today's contaminated atmosphere. This may be because 
the importance of clean intake air has not been recognized as a requirement for 
efficient and/or optimal operation, or because those contaminants in the air that may 
degrade the performance of the machine have not yet been adequately recognized or 
10 defined. 

The fuel cell, a rapidly emerging source of power for both residential 
and commercial purposes, is one type of system that is not yet fully understood. A 
fuel cell is a device consisting of two electrodes (an anode and a cathode), between 
which is sandwiched an electrolyte. Depending on the size, shape and design of the 
1 5 cell, the fuel cell is capable of providing enough energy to run a cell phone, a 
computer, an automobile, a residential house, or even a power plant. Fuel cells 
typically operate with a fuel source being supplied to the anodic side of the cell and 
an oxidant being supplied to the cathodic side. An example of a commonly used 
fuel is hydrogen. 

20 Many fuel cells are not designed to operate efficiently in the presence 

of large amounts of contaminants which may be present in the intake air that is 
necessary for the functioning of the fuel cell. They also have not generally been 
designed to handle or filter such contaminants from the intake air. This is because 
fuel cells, and their operation, are typically new, and their operation parameters are 

25 typically not well defined. The overall capabilities and limits of fuel cells generally 
are not completely understood. 

What is desired, therefore, is a fuel cell that functions within 
environments having a wide range of contaminants. 



30 



Summary of the Disclosure 

The present invention provides an air filter assembly for filtering the 
intake air used in low temperature catalytic reactions, such as fuel cells. The 
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assembly provides either particulate filtration, chemical filtration, or both, to the 
incoming air stream to provide a purified oxidant to the cathodic side of a catalytic 
reactor, such as a fuel cell. 

The filter assembly captures and retains particulate and/or chemical 
5 contaminants that can harm the catalytic process. In one embodiment, a filter 
assembly is provided that can capture and temporarily retain the chemical 
contaminants, releasing the contaminants when the incoming dirty air has levels of 
those contaminants below the accepted level. 

The filter assembly is useful in low temperature catalytic processes. 

10 The filter assembly can be used to filter air used in fuel cells, such as proton 
exchange membrane (PEM) fuel cells. 

In one embodiment, a system for producing power is provided. The 
system comprises an air filter assembly which comprises: a housing and a filter 
element in the housing. The housing has an inlet and an outlet, the inlet providing 

15 dirty atmospheric air to the filter assembly, and the outlet providing clean air from 
the filter assembly. The filter element comprises a physical or particulate filter 
portion constructed and arranged to remove particulate contaminants from the dirty 
air and a chemical filter portion constructed and arranged to remove chemical 
contaminants from the dirty air. The system further includes a fuel cell having an air 

20 intake port. The air filter assembly is constructed and arranged to provide clean air 
from the outlet of the filter assembly to the intake port of the fuel cell. 

In another embodiment, a filter assembly for use with a fuel cell is 
provided. The filter assembly has a housing and a filter element in the housing. The 
housing has an inlet and an outlet, the inlet providing dirty air to the filter assembly, 

25 and the outlet providing clean air from the filter assembly. The filter element has a 
physical filter portion constructed and arranged to remove particulate contaminants 
from the dirty air and a chemical filter portion constructed and arranged to remove 
chemical contaminants from the dirty air. In particular, the chemical filter portion 
has a first portion constructed and arranged to remove ammonia and amines from the 

30 dirty air, the first portion comprising impregnated activated carbon adsorption 
media; a second portion constructed and arranged to remove acidic gases and 
organic materials from the dirty air, the second portion comprising impregnated 
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activated carbon adsorption media; and a third portion constructed and arranged to 
oxidize contaminants in the dirty air, the third portion comprising catalyst material. 
A fourth portion, and any additional portions, can be included. 

Brief Description of the Drawings 

5 Figure 1 is a schematic depiction of a power production system 

including the filter assembly of the present invention; 

Figure 2 is a schematic, perspective view of a first embodiment of a 
filter element for use with the filter assembly of Figure 1; 

Figure 3 is a schematic, perspective view of a second embodiment of 
10 a filter element for use with the filter assembly of Figure 1; 

Figure 4 is a perspective view of a preferred embodiment of a filter 

assembly; and 

Figure 5 is a perspective view of a second preferred embodiment of a 
filter assembly, 

15 Detailed Description of the Preferred Embodiment 

Referring to Figure 1, one application for the filter assembly 10 of the 
present invention is to remove contaminants from air being used by equipment such 
as equipment which uses low temperature catalytic processes. 

As depicted in Figure 1, atmospheric or ambient air 50 enters filter 
20 assembly 10 via inlet 12. Prior to entering filter assembly 10, atmospheric air 50 is 
dirty air 52, having various physical (e.g., particulate) and chemical contaminants. 
. Filter element 15 filters the dirty air 52 to provide clean air 54 that exits from filter 
assembly 10 via outlet 14. Clean air 54 is the intake air 56 for equipment 100. In 
the embodiment depicted in Figure 1, equipment 100 is a fuel cell 102. The 
25 equipment 100 operates utilizing intake air 56; exhaust air 60 exits from equipment 
100. 

Referring still to Figure 1, filter assembly 10 of the present invention 
has inlet 12 for receiving air and bringing it in to the various filter elements of filter 
assembly 10. Filter assembly 10 has at least one filter element 15, having a dirty air 
30 side 13 and a clean air side 17. In most embodiments, filter element 15 is enclosed 
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within or otherwise encased by a housing 11. Filter assembly 10 also includes outlet 
14 for removing air from the filter assembly 10 and passing it further to fuel cell 102 
or other equipment 100. 

Atmospheric air 50 enters filter assembly 10 through inlet 12 in 
housing 11 and progresses to dirty air side 13 of filter element 15. As the air passes 
through filter element 15 to clean air side 17, contaminants are removed to provide 
filtered air 54. The filtered air passes through outlet 14 of housing 1 1 of filter 
assembly 10 and is used by equipment 100. The type and extent of contaminants 
removed from the air to provide filtered air 54 depends on the contaminants present 
in atmospheric air 50 and the configuration of the at least one filter element 15. 

The structure of the filter element 15 can be a panel filter, which is a 
filter having generally a two dimensional structure. An example of a panel filter 
element 15' is shown in Figure 2. For ease of identification, those elements in the 
second embodiment of Figure 2 that are the same or which perform the same 
function as comparable elements in the general embodiment (Figure 1) are followed 
by a prime ("'") designation in Figure 2. The same follows for additional 
embodiments, such as the embodiment of Figure 3. 

Dirty air 52 enters first, clean side 13' of panel filter 15', passes 
through filter media 25, and exits second, dirty side 17' as clean air 54. Panel filter 
15' can include an outer liner 28 on either or both of first side 13' and second side 
17' in order to protect filter media 25 and optionally remove large particulates or 
debris. Filter media 25 is at least one of a particulate filter element and a chemical 
filter element, as described below. In some embodiment, filter media 25 removes 
both particulate and chemical contaminants. 

Alternately, the structure of filter element 15 can be a tubular or 
cylindrical filter element 15", such as is shown in Figure 3. Generally, a tubular 
filter element includes an extension of filter media 25' between two end caps 41, 42. 
The filter element 15 has an outer surface 32 and an inner surface 34, which defines 
an interior volume 35. The first end cap 41 is often an "open" end cap that allow 
access to interior volume 35; the second end cap 42 is often a "closed" end cap that 
extends across the entire bottom of tubular filter element 15" and does not allow 
access to interior volume 35. An outer liner 28' can be disposed over outer surface 
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32 of filter element 15" to protect filter media 25'; an inner liner can be disposed 
over inner surface 34. Filter media 25' is at least one of a particulate filter element 
and a chemical filter element, as described below, or filter media 25 5 removes both 
particulate and chemical contaminants. 
5 In a tubular filter element 15", the air is conducted through filter 

media 25' in either an inside/out (i.e., "reverse flow") or outside/in (i.e., "forward 
flow") flow pattern relative to the filter element. In Figure 3, dirty air 52 is depicted 
entering the outer surface 32 of filter media 25', exiting through inner surface 34, 
and passing through interior volume 35 to leave filter element 30. In such an 

10 embodiment, outer surface 32 is dirty air side 13" and inner surface 34 is clean air 
side 17". In a "reverse flow" embodiment, inner surface 34 would be the dirty air 
side and outer surface 32 would be the clean air side. 

The panel filter element 15' and the tubular filter element 15" are 
designed to remove physical (e.g., particulate) contaminants, chemical contaminants, 

15 or both. In particular, the filter media 25 of panel filter 1 5 ' and filter media 25 * of 
tubular element 15" are selected for their capability for removing physical (e.g., 
particulate) contaminants, chemical contaminants, or both. A separate portion of the 
filter element can be used for the removal of each contaminant, or a single filter 
element can be used for the removal of multiple contaminants. Preferably, although 

20 not necessarily, a separate particulate filter portion is used for removing physical 

contaminants such as particulates and a chemical filter portion is used for removing 
chemical contaminants. This arrangement is preferred to maximize the efficiency of 
the chemical filter element by removing large particulates before they reach the 
chemical filter portion and potentially clog, block, or occlude the filter. 

25 

Physical Filter Portion of the Filter Element 

The filter assembly 10 of the present invention, in particular the filter 
element 15 such as panel filter 15' or tubular filter 15", can include a portion for 
removing physical contaminants such as particulates from the incoming air. A series 
30 of particulate filter portions may be used, with each subsequent filter element 

portion removing a smaller size particle. Alternately, a single particulate filtering 
portion can be used. 
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A coarse filter portion is preferably present to remove large 
contaminants such as leaves, seeds, paper and other garbage and debris, Cottonwood 
tree blossoms, and to keep small animals such as rodents out from the intake 
manifold of the equipment. Such a coarse filter portion can be a grate, mesh, or the 
5 like, and may be metal, plastic or any suitable material, and may be incorporated 
into inlet 12 of housing 1 1 enclosing filter element 15. The coarse filter portion 
generally removes objects having a size of at least about 1 inch (about 2.5 cm) 
diameter and more, typically objects having a size of at least about 0.5 inch (about 
1.25 cm) diameter and more, and in some embodiment, objects having a size of at 
10 least about 0.25 inch (about 0.635 cm) and more. 

Typically, the particulate filter portion contains a filter media, such as 
a fibrous mat or web, including paper, to remove particles down to about 0.01 mm in 
size. Examples of particulates removed by a particulate filter include dust, dirt, 
pollen, insects, wood chips and saw dust, metal shavings, and the like. 

15 

The filter media can be treated in any number of ways to improve its 
efficiency in removing minute particulates; for example, electrostatically treated 
media can be used, as can cellulose media having one or more layers of fine fiber, or 
other types of media known to those skilled in the art. 

20 A sub-micron filter portion, such as a HEPA (high efficiency particle 

air) filter can be included in the filter assembly. Sub-micron filters are typically 
intended to remove microscopic particulate, such as aerosols produced by 
combustion, bacteria, viruses, and the like. 

The particulate filter portion can be designed to remove liquid 

25 contaminants, such as rain and sleet from the incoming air. To remove liquids from 
the air, the air stream is preferably passed through a filter portion that utilizes 
materials with a high surface energy, so that the liquid coalesces and can be 
removed. Media having a hydrophobic surface, such as coated glass fibers, is an 
example of a media that can be used to remove liquid contaminants. Another 

30 example of a media for removing liquid contaminants is a media of treated glass 
fibers combined with foamed hot melt beads. These exemplary media can be 
incorporated into extensions of filter media, such as pleated paper extensions. In 
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some embodiments, the preferred technique for removing liquid contaminants is to 
use an inertial separator; this, however, can be dependent on the space available 
within the fuel cell apparatus. An expanded PTFE (polytetrafluoroethylene) 
membrane can also be used to remove liquid from the air. Expanded PTFE is a 
5 microporous membrane that, because of the pore size, allows the passage of 
moisture (vapor) through but not liquid. 

It is understood that any number of particulate filter portions having 
any combination of particulate removal efficiency can be used. The desired 
particulate removal system will depend on the type of contaminants present in the 
10 atmosphere (for example, leaves, cottonwood blossoms, lint, snow, etc.) and the 
desired cleanliness level of the resulting filtered air. 



Chemical Filter Portion of the Filter Element 

The filter assembly 10, in particular the filter element 15 such as 

15 panel filter 15' or tubular filter 15", can include a portion designed to remove 
contaminants from the atmosphere by either adsorption or absorption. As used 
herein, the terms "adsorb", "adsorption", "adsorbent" and the like, are intended to 
also include the mechanisms of absorption and adsorption. 

The chemical filter portion typically includes a physisorbent or 

20 chemisorbent material, such as, for example, desiccants (i.e., materials that adsorb or 
absorb water or water vapor) or materials that adsorb or absorb volatile organic 
compounds and/or acid gases and/or basic gases. Suitable adsorbent materials 
include, for example, activated carbon, activated carbon fibers, impregnated carbon, 
activated alumina, molecular sieves, ion-exchange resins, ion-exchange fibers, silica 

25 gel, alumina, and silica Any of these materials can be combined with or 

impregnated with materials such as potassium permanganate, calcium carbonate, 
potassium carbonate, sodium carbonate, calcium sulfate, or mixtures thereof. In 
some embodiments, the adsorbent material can be combined or impregnated with a 
second material. For some designs, it may be desired to have a bed of activated 

30 carbon upstream of a bed of impregnated carbon. 

The adsorbent materials are typically particulates or granulated 
material and can be present as granules, beads, fibers, fine powders, nanostructures, 
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nanotubes, aerogels, or can be present as a coating on a base material such as a 
ceramic bead, monolithic structures, paper media, or metallic surface. Typically, the 
adsorbent materials, especially particulate or granulated materials, are provided as a 
bed of material. 

5 Alternately, the adsorbent material can be shaped into a monolithic or 

unitary form, such as a large tablet, granule, bead, or pleatable or honeycomb 
structure that optionally can be further shaped. In at least some instances, the shaped 
adsorbent material substantially retains its shape during the normal or expected 
lifetime of the filter assembly. The shaped adsorbent material can be formed from a 
1 0 free-flowing particulate material combined with a solid or liquid binder that is then 
shaped into a non-free-flowing article. The shaped adsorbent material can be formed 
by, for example, a molding, a compression molding, or an extrusion process. 

The binder used can be dry, that is, in powdered and/or granular form, 
or the binder can be a liquid, solvated, or dispersed binder. Certain binders, such as 
1 5 moisture curable urethanes and materials typically referred to as "hot melts", can be 
applied directly to the adsorbent material by a spray process, fri some embodiments, 
a temporary liquid binder, including a solvent or dispersant which can be removed 
during the molding process, is used. Suitable binders include, for example, latex, 
microcrystalline cellulose, polyvinyl alcohol, starch, carboxyl methyl cellulose, 
20 polyvinylpyrrolidone, dicalcium phosphate dihydrate, and sodium silicate. 

Preferably the composition of a shaped material includes at least 
about 70%, by weight, and typically not more than about 98%, by weight, adsorbent 
material. In some instances, the shaped adsorbent includes 85 to 95%, preferably, 
approximately 90%, by weight, adsorbent material. The shaped adsorbent typically 
25 includes not less than about 2%, by weight, binder and not more than about 30%, by 
weight, binder. Further information regarding mold release, other additives, and 
molding techniques are discussed in U.S. Patent No. 5,876,487. 

Another embodiment of a suitable adsorbent material for use in the 
chemical filter portion is an adsorbent material that includes a carrier. For example, 
30 a mesh or scrim can be used to hold the adsorbent material and binder. Polyester 

and other suitable materials can be used as the mesh or scrim. Typically, any carrier 
is not more than about 50% of the weight of the adsorbent material, and is more 
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often about 20 to 40% of the total adsorbent weight. The amount of binder in the 
shaped adsorbed article with the carrier typically ranges about 10 to 50% of the total 
adsorbent weight and the amount of adsorbent material typically ranges about 20 to 
60% of the total adsorbent weight. 

The chemical filter portion can have strongly basic materials for the 
removal of acid contaminants from the air, or strongly acidic materials for the 
removal of basic contaminants from the air, or both. Preferably, the basic materials 
and acidic materials are removed from each other so that they do not cancel each 
other. Examples of acidic compounds that are often present in atmospheric air 
include sulfur oxides, nitrogen oxides, hydrogen sulfide, hydrogen chloride, and 
volatile organic acids and nonvolatile organic acids. Examples of basic compounds 
that are often present in atmospheric air include ammonia, amines, amides, sodium 
hydroxides, lithium hydroxides, potassium hydroxides, volatile organic bases and 
nonvolatile organic bases. In general, the acidic and basic materials of the chemical 
filter portion remove contaminants from the air by trapping the contaminants on 
their surfaces; typically, the acidic and basic surfaces react with the contaminants, 
thus adsorbing the contaminants at least on the surfaces. 

In some embodiments, the composition itself of the carrier may be the 
strongly acidic or strong basic material. Examples of such materials include 
materials such as polymer particulates, activated carbon media, zeolites, clays, silica 
gels, and metal oxides. In other embodiments, the strongly acidic materials and the 
strongly basic materials can be provided as surface coatings on carriers such as 
granular particulate, beads, fibers, fine powders, nanotubes, and aerogels. 
Alternately or additionally, the acidic and basic material that forms the acidic and 
basic surfaces may be present throughout at least a portion of the carrier; this can be 
done, for example, by impregnating the carrier material with the acidic or basic 
material. 

An example of a preferred material for removing basic contaminants, 
such as ammonia, is a bed of activated carbon granules impregnated with citric acid. 

An example of a preferred material for removing acidic contaminants 
is a bed of impregnated activated carbon granules that are commercially available 
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from C*Chem, a division of IONEX Research Corp. of Lafayette, CO, under the 
trade designation "Chemsorb 1202". 

Both basic and acidic materials may be present in the chemical filter 
portion of the filter element; however, it is preferable that the two types of materials 
are spaced from each other so that they do not react with and neutralize one another. 

The chemical filter portion can include other materials that are 
tailored to the removal of certain contaminants. As one example, a strong oxidizing 
material can be included to remove carbon monoxide from the air. Examples of 
strong oxidizing materials include: catalytic material, such that available from 
available from MSA of Pittsburgh, PA under the trade designation "Hopcalite" (a 
mixture of porous manganese oxide and copper oxide), precious metals, transition 
metals, and combinations thereof; chemisorptive materials, such as materials similar 
to "Hopcalite", precious metals, transition metals, inorganic and organic oxides, 
salts, and metals; hydrogen peroxide; permangantes; and chromates. 

A strong oxidizing material can be included to remove nitrogen 
oxides (NOx) from the air. 

The chemical filter portion may capture and permanently retain 
chemical contaminants from the dirty air stream, or the chemical filter portion may 
release the chemical contaminants at a later time. For example, the chemical filter 
portion removes chemical contaminants from the dirty air stream so that the filtered 
clean air has a contaminant concentration that is below, or at least at, an acceptable 
threshold before passing the air into the input of the equipment, such as the fuel cell. 
When the contaminant level in the dirty air stream is below the threshold level, it is 
not necessary for the filter element to remove contaminants; rather, in some 
embodiments the chemical filter portion may release some of the collected 
contaminants, up to the threshold level. This is generally caused by the contaminate 
concentration differential between the dirty air stream and the chemical filter 
portion. In this way, the chemical portion may be partially regenerated, thereby 
extending the useful life of the chemical filter portion. Such a design may be desired 
when an acceptable threshold level of contaminants into the fuel cell is known. 

A particulate filter portion and chemical filter portion can be 
combined to provide a single filter element that removes both physical and chemical 
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contaminants. In one example, the filter media of a particulate filter portion can be 
made with fibers that have a surface treatment capable of chemisorbing or otherwise 
reacting or interacting with acidic or basic contaminants, thus providing a chemical 
filter portion. In another example, a bed of activated carbon granules can also 
5 remove physical contaminants from the air if the spacing between the granules is 
sufficiently small. 

In some embodiments, it may be desired to provide a by-pass system 
for by-passing the chemical filter portion. This may be desired in environments 
when the intake air is not highly contaminated with chemical contaminants. This 
10 by-pass system may be activated and deactivated, depending on the contaminant 
levels in the intake air stream. 



Preferred Filter Assemblies 

A first example of a preferred filter assembly is a filter assembly 
15 having both particulate and chemical filtration capabilities. In this particular 
embodiment, the filter assembly has one layer of particulate media providing a 
physical filter portion and three layers of adsorptive media providing a chemical 
filter portion. Preferably, the physical portion is upstream from the chemical 
portion; that is, the stream of air to be cleaned first passes through the particulate 
20 filter portion and then through the chemical filter portion. Each of the three layers of 
adsorptive media is a bed of granular material that is contained in, and separated 
from the other beds by, perforated aluminum dividers. 

Generally, one preferred filter assembly construction has a first layer 
of pleated glass media as a particulate filter positioned around two packaged 
25 granular carbon beds and a central electrostatic media. 

The particulate filter portion preferably has a pleated glass fiber 
media having a construction well known in the filter art. Beads of material, such as 
hot melt adhesive, can be used for pleat separation. 

In the preferred embodiment, the first layer of the chemical filter 
30 portion comprises activated carbon with about 35% (by weight) citric acid 

impregnated therein. Preferably, an 8x16 mesh sized material is used, such as that 
which is commercially available from Calgon Carbon Corp. of Richmond, CA, 
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under the trade designation "RVCA 12" or "RVCA 35". This first layer removes 
ammonia and amines from the air stream, as well as some hydrocarbons and other 
organic materials. The second layer of the chemical filter portion comprises a 
second impregnated activated carbon. Preferably, an 8x16 mesh sized material is 
used, such as that which is commercially available from C*Chem under the trade 
designation "Chemsorb 1202". This second layer is used to remove acidic gases, 
hydrocarbons, and other organic materials. The third layer of the chemical filter 
portion comprises a catalyst. Preferably, a 12x20 mesh sized material is used, such 
as that which is commercially available from Cams Chemical Company under the 
trade designation "Carulite 300". This layer oxidizes CO into C0 2 . 

A second example of a preferred filter assembly is a filter assembly 
similar to that of the first example, except that the "RVCA 12" or "RVCA 35" 
impregnated activated carbon of the first layer is replaced with a non-carbon 
adsorptive media. 

A third example of a preferred filter assembly is a filter assembly 
similar to that of the first example, except that the "RVCA 12" or **RVCA 35" 
impregnated activated carbon of the first layer is replaced with a non-carbon 
catalytic media. 

A fourth example of a preferred filter assembly is a filter assembly 
similar to that of the first example, except that the "Chemsorb 1202" impregnated 
activated carbon of the second layer is replaced with a non-carbon adsorptive media. 

A fifth example of a preferred filter assembly is a filter assembly 
similar to that of the first example, except that the "Chemsorb 1202" impregnated 
activated carbon of the second layer is replaced with a non-carbon catalytic media. 

In yet another example, one or two of the packed beds of carbon 
material can be replaced with a web of carbon material which is wrapped around a 
suitable core or liner. 

Referring to Figures 4 and 5, two physical embodiments of filter 
assemblies configured according to the principles of this invention are shown. In 
Figure 4, filter assembly 10 is in the nature of a panel filter 1 10 having a housing 
105 with a first side 1 12 and a second side 1 14. Panel filter 1 10 includes a physical 
filter portion 120 at first side 1 12. Physical filter portion 120 is configured as a 
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louvered grate 1 16 for removing large particulate, such as leaves and debris. Grate 
116 can be integral with housing 105 or can be removable from housing 105. A 
flange 107 extends from housing 105 away from grate 116. A gasket can be provide 
with flange 107 to provide improved sealing of panel filter 110 with an inlet port of 
5 any equipment, such as a fuel cell. 

In one embodiment, panel filter 1 10 is approximately 4.15 inches 
(about 10.5 cm) deep from grate 1 16 to second side 1 14 with flange 107, which is 
approximately 0.25 inch ( about 0.635 cm) thick, positioned approximately 3.21 
inches (about 8.15 cm) from second side 114. The overall size of housing 102, not 

10 including flange 107, is approximately 15 inches (about 38 cm) wide and 7 inches 
(about 17.8 cm) tall. Including flange 107, the width is approximately 17.25 inches 
(about 43.8 cm) and the height is approximately 9.25 inches (about 23.5 cm). It will 
be understood by those skilled in the art that the dimensions of such a filter will vary 
based upon the application with which the filter is used. 

15 Air to be filtered enters panel filter 110 through grate 1 16, which 

removes large particulate. Disposed behind grate 116 can be another physical filter 
portion, a chemical filter portion, or both. Preferably, at least one chemical filter 
portion of the type generally described above is disposed within housing 105 behind 
grate 116. Filtered air, after having passed through grate 116 and any other physical 

20 filter portion or chemical filter portion, exits panel filter 1 10 at second side 114. 

Referring to Figure 5, filter assembly 10 is a box-type filter assembly 
130 having a six-sided housing 135. In Figure 5, the housing 135 is shown without 
one wall to facilitate description of the filter assembly 130. Filter assembly 130 has 
a first side 132 and a second side 134. 

25 Retained within housing 135 is a physical filter portion 140 and a 

chemical filter portion 150. Various baffles and channels are within housing 135 to 
provide the desired flow of air. Physical filter portion 140 includes perforated 
screen 142 having apertures 143 therein for the intake of dirty atmospheric air. The 
air passes through apertures 143 and any large items, such as leaves and debris are 

30 removed. From there, the air progress through a moisture eliminator 144 which 
removes droplets of water, such as rain, and the fluid is collected by a drainage 
collector 145, which may allow the collected fluid to drain to the exterior of housing 
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135. A high efficiency particulate filter 146 is included to remove particulates that 
passed through apertures 143. Filter assembly 130 also includes a chemical filter 
portion 150, such as a bed of granulated carbon or combination of adsorbents, for the 
adsorption of chemical contaminants. In the embodiment shown in Figure 5, it is 
5 possible for the air to by-pass high efficiency particulate filter 146 and progress to 
chemical filter portion 150 after passing through moisture eliminator 144. Such a 
path would be desired in order to maintain the flow of air through filter assembly 
130 even when, for example, high efficiency filter 146 clogs or occludes. 

Second side 134 of housing 135 has a first outlet 161 and a second 
10 outlet 162. First outlet 161 feeds clean, filtered air from filter assembly 130 to 

equipment, such as an electrical enclosure. Second outlet 162 feeds clean, filtered 
air from filter assembly 130 to equipment, such as a fuel cell. The air exiting via 
second outlet 162 can be passed through the same filter process as the air exiting via 
first outlet 161, or, different filtering operations can be performed on the various 
15 streams. In one embodiment, air passing through second outlet 162 is passed 

through all features of physical filter portion 140 and through chemical filter portion 
150; the air passing through first outlet 161 is passed through only the features of 
physical filter portion 140. 

In one embodiment, filter assembly 130 is approximately 12 inches 
20 by 17 inches by 13 inches (about 30.5 cm by 43.2 cm by 33 cm), with first side 132 
having perforated screen 142 being approximately 12 inches (about 30.5 cm) wide 
and approximately 17 inches (about 43.2 cm) high. Moisture eliminator 144 is 
approximately 12 inches by 5.25 inches by 2 inches (about 30.5 cm by 13.3 cm by 5 
cm). Particulate filter 146 is approximately 10 inches by 12 inches by 4 inches 
25 (about 25.4 cm by 30.5 cm by 10.2 cm). Chemical filter portion 150 is 

approximately 12 inches by 1 1 inches and 3 inches thick (about 30.5 cm by 27.9 cm 
by 7.6 cm). Such an embodiment can process approximately 55 cubic feet per 
minute (cfin) (about 1.56 cubic meters per minute) of dirty air, with 35 cfrn (about 1 
cubic meter per minute) exiting through first outlet 161 and 20 cfin (about 0.56 
30 cubic meter per minute) exiting through second outlet 162. 
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Fuel Cells 

In Figure 1, equipment 100 with which the filter assembly 10 of the 
present invention operates is depicted as a fuel cell 102. Fuel cells are devices 
consisting of two electrodes (an anode and a cathode) that sandwich an electrolyte. 
5 A fuel containing hydrogen flows to the anode, where the hydrogen electrons are 
freed, leaving positively charged ions. The electrons travel through an external 
circuit which the ions diffuse through the electrolyte. At the cathode, the electrons 
combine with the hydrogen ions and oxygen to form water and carbon dioxide, by- 
products. To speed the reaction, a catalyst is often used. Examples of catalysts 

10 often used in the fuel cell reaction include nickel, platinum, palladium, cobalt, 

cesium, neodymium, and other rare earth metals. The reactants in the fuel cell are 
the hydrogen fuel and an oxidizer. 

Typically, the fuel cell 102 for use with the filter assembly is known 
as a "low temperature fuel cell" because of its low operation temperature, typically 

15 about 70 to 90°C. High temperature fuel cells are also known, however, these are 
typically not as sensitive to chemical contamination due to their higher operating 
temperature. High temperature fuel cells are however sensitive to particulate 
contamination,' and some forms of chemical contamination, and may benefit from 
the type of filtration system described herein. One type of low temperature fuel cell 

20 is commonly referred to as a 'TEM", is named for its use of a proton exchange 
membrane. PEM fuel cells will benefit by being used in conjunction with a filter 
assembly according to the present invention. Examples of other various types of 
fuel cells that can be used in combination with the filter assembly of the present 
invention include, for example, U.S. Patent Nos. 6,110,611; 6,117,579; 6,103,415; 

25 and 6,083,637. It will be recognized by one skilled in the art of fuel cells that the 
filter assembly will benefit the operation of generally any fuel cell. 

The threshold levels of contaminants that are acceptable by various 
fuel cells is dependent on the design of the fuel cell. For example, hydrocarbons 
(methane and heavier), ammonia, sulfur dioxide, carbon monoxide, silicones, and 

30 the like, are known to occupy space on the catalyst and inactivate the sites to 

reaction. Thus, these contaminants need to be removed prior to their entering the 
reactive area of the fuel cell. 
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The exact level of contamination, and types contaminants that are 
acceptable will vary depending on the catalyst used, the operating conditions, and 
the catalytic process efficiency requirements. 

The filter assembly of the present invention removes contaminants 
5 from the atmospheric air before the air is used in the fuel cell operation. 

It is to be understood, however, that even though numerous 
characteristics and advantages of the present disclosure have been set forth in the 
foregoing description, together with details of the structure and function of the 
disclosure, the disclosure is illustrative only, and changes may be made in detail, 
10 especially in matters of shape, size and arrangement of parts within the principle! of 
the disclosure to the full extent indicated by the broad general meaning of the terms 
in which the appended claims are expressed. 
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1 . A system for producing power, the system comprising 

(a) an air filter assembly comprising: 

(i) a housing having an inlet and an outlet, the inlet receiving 
dirty atmospheric air into the filter assembly, and the outlet 
receiving clean air from the filter assembly; 

(ii) a filter element within said housing, the filter element 
comprising: 

(A) a physical filter portion constructed and arranged to 
remove particulate contaminants from the dirty air; 
and 

(B) a chemical filter portion constructed and arranged to 
remove chemical contaminants from the dirty air; 

(b) a fuel cell having an air intake port; said air filter assembly 
constructed and arranged to provide clean air from the outlet of the 
filter assembly to the intake port of the fuel cell. 



2. The system according to claim 1, wherein the physical filter portion 
comprises: 

(a) a coarse filter portion constructed and arranged to remove particulate 
contaminants of about 0.635 cm(0.25 inch) and larger; and 

(b) a particulate filter portion constructed and arranged to remove 
particulate contaminants of about 0.635 cm (0.25 inch) and less. 



3. The system according to claim 2, wherein the particulate contaminants of 
about 0.635 cm (0.25 inch) and larger include leaves, seeds, paper, garbage, debris, 
blossoms, and animals. 

4. The system according to claim 2, wherein the particulate contaminants of 
about 0.635 cm (0.25 inch) and less include dust, dirt, pollen, insects, wood chips 
and saw dust, and metal shavings. 
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5 . The system according to any of claims 1 -4, wherein the chemical filter 
portion comprises adsorbent material. 

6. The system according to claim 5, wherein the adsorbent material is selected 
from the group consisting of activated carbon, impregnated carbon, activated carbon 
fibers, ion-exchange resin, ion-exchange fibers, alumina, activated alumina, 
molecular sieves, and silica. 

7. The system according to claim 5, wherein the adsorbent material comprises a 
first adsorbent material and a second adsorbent material. 

8. The system according to claim 7, wherein the first adsorbent material is 
provided in a first portion and the second adsorbent material is provided in a second 
portion. 

9. The system according to claim 5, wherein the adsorbent material has one of 
an acidic surface and a basic surface. 

1 0. The system according to claim 9, wherein the adsorbent material has an 
acidic surface and is constructed and arranged to remove a basic contaminant, the 
basic contaminant being selected from the group consisting of ammonia, amines, 
amides, sodium hydroxides, lithium hydroxides, potassium hydroxides, volatile 
organic bases and nonvolatile organic bases. 

11. The system according to claim 9, wherein the adsorbent material has a basic 
surface and is constructed and arranged to remove an acidic contaminant, the acidic 
contaminant being selected from the group consisting of sulfur oxides, nitrogen 
oxides, hydrogen sulfide, hydrogen chloride, and volatile organic acids and 
nonvolatile organic acids. 
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12. The system according to any of claims 1-1 1, the air filter assembly further 
comprising: 

(a) an air by-pass system in fluid communication between the physical 
filter portion and the outlet of the filter assembly, the by-pass system 
constructed and arranged to allow air to flow from the physical filter 
portion to the fuel cell intake port without passing through the 
chemical filter portion. 

13. A filter assembly for use with a fuel cell, the filter assembly comprising: 

(a) a housing having an inlet and an outlet, the inlet receiving dirty air 
into the filter assembly, and the outlet receiving clean air from the 
filter assembly; 

(b) a filter element within said housing, the filter element comprising: 

(i) a physical filter portion constructed and arranged to remove 
particulate contaminants from the dirty air; 

(ii) a chemical filter portion constructed and arranged to remove 
chemical contaminants from the dirty air; the chemical filter 
portion comprising: 

(A) a first portion constructed and arranged to remove 
ammonia and amines from the dirty air, the first 
portion comprising impregnated activated carbon 
adsorption media; 

(B) a second portion constructed and arranged to remove 
acidic gases and organic materials from the dirty air, 
the second portion comprising impregnated activated 
carbon adsorption media; and 

(C) a third portion constructed and arranged to oxidize 
contaminants in the dirty air, the third portion 
comprising catalyst material. 

14. The filter assembly according to claim 13, wherein the filter element is a 
panel. 
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15. The filter assembly according to claim 13, wherein the filter element is 
cylindrical. 



BNSDOC1D: <WO '0222234A2 I > 



WO 02/22234 



PCT/US01/28619 




WO 02/22234 



2/3 



PCT/USO 1/286 19 




SUBSTITUTE SHEET (RULE 26) 

BNSDOCID: <WO 0222234A2_I_> 



WO 02/22234 



PCT/US01/28619 



3/3 



Fig. 4 




107 




Fig. 5 




SUBSTITUTE SHEET (RULE 2$) 

BNSDOCID: <WO 0222234A2_I_> . . 



BEST AVAILABLE COPY 



(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT) 



(19) World Intellectual Property Organization 
International Bureau 

(43) International Publication Date 
21 March 2002 (21.03.2002) 




(10) International Publication Number 

PCT WO 02/022234 A3 



(51) International Patent Classification 7 : B01D 46/00, 

53/04, 53/86, H01M 8/04 



(25) Filing Language: 

(26) Publication Language: 



English 
English 



(30) Priority Data: 

09/660,127 



1 2 September 2000 ( 1 2.09.2000) US 



(71) Applicant: DONALDSON COMPANY, INC. [US/US]; 
1400 West 94th Street, P.O. Box 1299, Minneapolis, MN 
55440-1299 (US). 

(72) Inventors: DALLAS, Andrew, J.; 5015 - 148th Path, 
Apple Valley, MN 55124 (US). GOGINS, Mark, A.; 806 
Millwood Avenue, Roseville, MN 55113 (US). GRA- 
HAM, Kristine, M.; 3219 Chase Road, Minnetonka, MN 
55305 (US). ADAMEK, Daniel, E.; 10940 Zenith Av- 
enue South, Bloomington, MN 55431 (US). SKUSTER, 
Robert; 9025 10th Avenue South, Bloomington, MN 
55420 (US). 



(74) Agent: BRUESS, Steven, C; Merchant & Gould PC, 
P.O. Box 2903, Minneapolis, MN 55402-0903 (US). 



(21) International Application Number: PCT/US0 1/286 19 < 8, > 

(22) International Filing Date: 

12 September 2001 (12.09.2001) 



Designated States (national): AE, AG, AL, AM, AT, AU, 
AZ, BA, BB, BG, BR, BY, BZ, CA, CH, CN, CO, CR, CU, 
CZ, DE, DK, DM, DZ, EC, EE, ES, FI, GB, GD, GE, GH, 
GM, HR, HU, ID, IL, IN, IS, JP, KE, KG, KP, KR, KZ, LC, 
LK, LR, LS, LT, LU, LV, MA, MD, MG, MK, MN, MW, 
MX, MZ, NO, NZ, PH, PL, PT, RO, RU, SD, SE, SG, SI, 
SK, SL, TJ, TM, TR, TT, TZ, UA, UG, UZ, VN, YU, ZA, 
ZW. 



(84) Designated States (regional): ARIPO patent (GH, GM, 
KE, LS, MW, MZ, SD, SL, SZ, TZ, UG, ZW), Eurasian 
patent (AM, AZ, BY, KG, KZ, MD, RU, TJ, TM), European 
patent (AT, BE, CH, CY, DE, DK, ES, FI, FR, GB, GR, IE, 
IT, LU, MC, NL, PT, SE, TR), OAPI patent (BF, BJ, CF, 
CG, CI, CM, GA, GN, GQ, GW, ML, MR, NE, SN, TD, 
TG). 

Published: 

— with international search report 

(88) Date of publication of the international search report: 

24 July 2003 

For two-letter codes and other abbreviations, refer to the "Guid- 
ance Notes on Codes and Abbreviations" appearing at the begin- 
ning of each regular issue of the PCT Gazette. 



< 

m 
c5 



(54) Title: AIR FILTER ASSEMBLY FOR LOW TEMPERATURE CATALYTIC PROCESSES 

(57) Abstract: An air filter assembly for removing particulate contaminants, chemical contaminants, or both, from an incoming 
dirty air stream. The resulting filtered or clean air is supplied to catalytic equipment, such as a fuel cell. The filter assembly can 
include a physical filter portion for removing physical and particulate contaminants, a chemical filter portion for removing chemical 
contaminants, or can have both portions. 



INTERNATIONAL SEARCH REPORT 



D £ W # aF ' C £3l9£9£ S J^ ECT MATTER ~—~ " 

IPC 7 B01D46/00 B01D53/04 B01D53/86 



I lonal Application No 

PCT/US 01/28619 



H01M8/04 



According to Intern ational Patent Classification (IPC) or to both national classification and IPC 
B. FIELDS SEARCHED " ~ 



Minimum documentation searched (classification system foilowed by classification symbols) 



Documentation searched other than minimum documentation to the extent that such documents 



are included in the fields searched 



Electronic data base consulted during the international search (name of data base and, 

WPI Data, PAJ, EPO-Internal 



where practical, search terms used) 



C. DOCUMENTS CONSIDERED TO BE RELEVANT 



Category « 



Citation of document, with indication, where appropriate, of 



the relevant 



WO 97 48144 A (KEELE UNIVERSITY) 
18 December 1997 (1997-12-18) 
page 3, paragraph 1 

PATENT ABSTRACTS OF JAPAN 

vol. 1998, no. 4, 

31 March 1998 (1998-03-31) 

& JP 09 308813 A (LASER MATSUSHITA KK), 

2 December 1997 (1997-12-02) 

abstract 

EP 0 398 847 A (F.MARIANI) 
22 November 1990 (1990-11-22) 
the whole document 



-/- 



"Y| Furt her documents are listed In the continuation of box C. 

° Special categories of cited documents : 

" A< ^"^idefining the general state of the art which is not 
considered to be of particular relevance 

" E " e ^g r ^ jmentbut P ubltenedon rafter the international 

L" document which may throw doubts on priority claims or 
whjch is cried to establish the publicatfon date Tof another 
citation or other special reason (as specified) 

'O" document referring to an oral disclosure, use, exhibition or 
other means 

P " d S«r m h2Lft fa,te 5^^ filing date but 

later than the priority date claimed 

Date of the actual completion of the International search 



Relevant to claim No. 

1-4,11 
1-11 



13 February 2003 



Name and mailing address of the ISA 

European Patent Office, P.B. 5818 Patentban 2 
NL - 2280 HV R^swljk 
TeL (+31-70) 340-2040. Tx. 31 651 epo nt 
Fax: (+31-70)340-3016 ' 



[jT] Patent fernNv members are listed In annex. 

^ ^S^^J^S^^S 10 international filing date 
or priority date and not in conflict with the application but 

Svfnllon nders,and the P rinc *P ,e or theory TTnderlylng the 

"X" document of particular relevance; the claimed invention 
cannot be considered novel or cannot bTc^nsidered to 
involve an inventive step when the document is taken atone 

" Y " ^n^K t i ) ^ ar !i? Ula ^ et ? vance; the Calmed invention 

S^SL^ ^"sWered i to involve an Inventive step when the 
document fe comb ned with one or more other such docu- 
In theart comblnation ^rig obvious to a person skilled 
'&' document memb er of the same patent family 
Date of mailing of the International search report 

10/03/2003 

Authorized officer 



Bertram, H 



Form PCT/1SA/210 (second shoot) (July 1992) 
BNSDOCIO:<WO 0222234A3J > 



INTERNATIONAL SEARCH REPORT 



li lonal Application No 

PCT/US 01/28619 



C(Contlnuatlon) DOCUMENTS CONSIDERED TO BE RELEVANT 



Category • Citation of document, with indication, where appropriate, of the relevant passages 



Relevant to claim No. 



DATABASE WPI 
Week 197934 

Derwent Publications Ltd., London, GB; 

AN 1979-62212B 
XP002231115 

& OP 54 087677 A (KANKYO KAGAKU KENKY), 

12 July 1979 (1979-07-12) 

abstract 



1,13 



Form PCT7ISA/210 (continuation of second shoot) (July 1992* 
<WO ' 0222234A3 J_> 



INTERNATIONAL SEARCH REPORT 

' Information on patent family members 



Patent document 
cited in search report 



Publication 
date 



lr anal Application No 

PCT/US 01/28619 



Patent family 
member(s) 



Publication 
date 



WO 9748144 


A 


18-12-1997 


AT 


227049 T 


15-11-2002 








Al 1 
AU 


3180997 A 


07-01-1998 








DE 


69716736 Dl 


05-12-2002 








EP 


0907978 Al 


14-04-1999 








WO 


9748144 Al 


18-12-1997 








IP 

Or 


2000512424 T 


19-09-2000 








us 


6358640 Bl 


19-03-2002 








us 


2002081472 Al 


27-06-2002 


JP 09308813 


A 


02-12-1997 


NONE 






EP 398847 


A 


22-11-1990 


IT 


1229757 B 


10-09-1991 








EP 


0398847 A2 


22-11-1990 








JP 


3047506 A 


28-02-1991 


JP 54087677 


A 


12-07-1979 


JP 


60048183 B 


25-10-1985 



Form PCT/1SA/210 (patent family annex) (July 1992) 
BNSDOCID: <WO. 0222234A3J_> 



